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FOREWORD

This investigation uas performed under Bureau of Ord-
nance Task Assigmsent }PF-13-Re2d-02-6-52. Mesorandum Reports
Ko. 12 and 20, issued on 15 October 1951 and 15 May 1952,
served as progress reports on the esrly phases of this work.

This report has been reviewed for technical accuracy by
R. G. Parnell axd W, J. Moore and vas sulmittad for publication
9 December 1952, This work was perfoimed while Hr F. C. Thames
was Director of Research and Development.

W. €, Cagle
Head, Chemical Physics
Division

Approved bys

Sol Skolnik
Director, Research and
Devolopment Department

Released by:

W. H. BENSON
Captain, USNavy
Commanding Officer
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ABSTRACY

An investigstion of the utility of Tallani tests for
supplyiug information about ths stanility of double-base
propeliaits hrsh."hnea carried out. A definite correlation
betvees the degree of deterioration & a propellant and its

behavior in a Tallani test under oxygen hay—'éen fornd,
n
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CONFITENTTAL NAVORD RETORT 3023
INTRODUCTION

The Taliani test is essent_’.\ially ons in which a saxpls
of propellant is heated in a constant volume system, starting
with a fixed pressure of gas (usually one atmosphere) and
measuring the rate of pressure change. The origlnal apparatus
{1,2) has been modified greatly by vorkers at the Californis
Institute of Technology(3) and further improved at the Naval
Povder Factory(%). 1In studies of the stablllization of double
bese powder carriesd out at ths Allegany Ballistics Lsbora-
tary(5) ) the conclusian wos reached that "Taliani data obtained
nnder nitrogen represents a good test for gas bubble formation
for evaiuation of rocket propellants, and the test conducted
under air or oxygen gives no informstion other than the rate
of oxygen conswwption.”

The problem of propellant stability in gensral can be
divided into two parts: (1) the length of time the propellant
can be storsd before depletion of stabilizer and subseguent
asccolerated decozposition results in spontaneous ignition or
deterioration of the propellant {chemical safe-life); and (2)
ths length of storaas it can undergo before a significant change
in ballistic properties occurs due to a breakdown of physical
structure (physical safe-life). The term "safe-life" used
subsequently in this report refers to "chemlical safe-life".
Spur11n{6) has discussed the different types of storage failure

CFTIDENTIAL 1
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in some detail, and the Naval Powder Factory bas reported
investigations of tle problems of storage of JP and JPN bal-
11stites(7i,

The degreo of deterioration of a stored propellart can
be estimated by different methods such as chemical determi-
nation of stabilizer content (as compared to tbe original)
or determnination of t.he' changes in viscosity of tbe nitro~
cellulose or changes in mechanical properties of the propel-
lant. Unfortunately, such data is often not easily obtained

and is difficult to interpret in terms of residual safe-life

properties of the propellant. A good stability test that would
give a precise measure of degree of deterioration is dezirsble,
ard this, together with the need for more information about
the phencmena of degradation of propallants, inspired this
investigation.

EXPERIMENTAL PROC;UURR

In the initial phase of this investigation, 45-g JPR
surveillance samples which had been stored at 65.5°C for
varying periods vere selected to give a wide range of residual
safe-1ife. Subsequently, aged samples were prepared by placing
100-g samples of shest N-4 (Lot PAE.133) in surveillance
bottles in an oven at 80°C. The saxples wers put in at weekly

sintervals until the first ons fumed. At this point all were

2 CONFIDENTIAL




|

PO UGS PRI L ]

- mAwas .

LN YO

~— 3w

B T

o ————

B S s e e o —

CONFITERTTAL NAVCED FEPORT 3023 )

removed, providing a series of saaples of different residual
safe-11fs, A separate series of PAE 133 aged at 80°C was

prepared for Taliant tests at 110°C and 1220°C, respectively.

The time-to-fures at 30°C was 93 days in one case and 105 days
in the other. This difference is probadbly due to slight

differences in oven temperature. 4 series of sheet JPN (Lot

IXR-37) samples vas prepared similarly. Other groups of

sheet N4 (Lot PAZ i33) samples were placed in a 65.5°C sur-
velllance magazire and vithdrawn at 40-day intervals for teat~
ing. A series of mogifiecl N-4 (Lot IXR-47) propellaats,

differing from each other only in the stabilizer added, was

prepared and suvjected to Taliani tests.

The Taliaeni test spparatus and procedure have been de-
scribed in Technical Report Ko. 25, rp. 3&-35(1'). Tts propel-
lant samples were ground in a Wiley cutting mill; portions
which passed a U. S. 18 and were held on a U. S. 50 sieve
vere selected. The ground samples vere weighed into Taliani
test tudes. For the tests conducted under air, the samples
vers preheated in the bath for 30 minutes, after which the
pressure vas reduced to atmospheric and the initial reading
taken. The tests under oxygen and nitrogen had samples pre-
heated under air in the same manner, but, following ths pre-
heating period, tho systex was evacuated and flushed four

times with the appropriate gas before the final additien of

CONFIDENTIAL 3
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gas vwhich brought the internal pressure above atmcspberie.
The pressure uas then reduced to atmwospheric Ly rspidlv opening
and closing a stopeock.

LISCUSSTON

The Tallani teat data are plotted in Figures 1 through
17 in the Appordix. Duplicate readings wers taken esch half
bour and their aversges plotted. Figures 1 and 12 show quite
clearly that 110°C Taliani tests under niirogen ars of no
value in detecting aging of JPN. Figwres 6 anl 9 lead to the
samd conclusion for N-4. Figure 2 indicates the usefuvlness
of the 110°C test vnder oxygen for measuring degree of de-
terioration; Figures 4, 7, and 10 show even more clearly that
this test correlates well with the condition of the powder if
the time to reach a fixed positive pressure, e.g. 100 mm, is
measured. Figures 13 and 14 show that carrying out the oxygen
Tallanl test at 120°C provides a more rapid measurement vithout
sacrificing the good correlation of the lower temperatwe test,
Pigures 3, 5, 8 and 11 show that a Taliani test under air
reveals deterioration only during the later atag'es of the
povder's safe-1ife,

These facts can be readily explained. One of the gasas
evolved in the Taliani test is NO, Under nitrogen, this gas

dces not coutribute further to the decomposition process

4 CONFIDENTIAL
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durirg the test period. Under afr or oxygen, NO reacts to
fora Mz, vhich then reects vith the powder. Thus, the imwedi-
ate net result 3is a decrease in amount of gas present in the
system, =0 long as cffective quantities of stabilizer are
present to Pick 1p tbe NO,. When the stabilizer becomes de-
pleted, the N0, attacks the nitrate esters prirerily and
increases ths deconposition rate of the powder,

Alloving for the wolute occupied by sample, there are
initially 6.7 nl of gas at 115°C and 1 ata pressure in the
Taliani apparatus. This is equiwvalent to 2.13 x 10~% moles.
V¥hen the gas is oxygen, 4e26 x 1074 moles of WO can be con-
voried to W,. If the test is carried out in an atzosphere
of alr, 0.89 x 107¢ moles of ¥O can be oxidized, The mmber
of moles of stabilizer In 1 g of a 15 ethyl contralite powder
(JPN) is only 0.37 x 10~%. There are 0.93 x 10™* moles of
stabilizer in 1 g of a 2 2-nitrodiphenylamine powder {N-4).
“he amount of K02 vhich each molecule of stabilizer can ab-
sorb before becoming ineffectuel has not beon established,
However, it is probable that, in a Taliani test under oxygen,
centralite- or 2-nitrodipbenylamine-stabilized propsllants
containing no xore than 2% stabilizer are completely converted
to an unstable form through nitration of stabilizer. This
would not bold true under air unless the powder had already
been aged substantially.

CONFIDENTIAL 5
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The test under oxygen, in which the tize required for a
f£ixed pressure sbowe atxospheric to be achieved is determined,
i=s better able to distinguish between prox;ellants in the
early stages of deterioration because this time is dependent
on the exact amount of effective stabllizer initially present.
It i3 1ikely that the more rapid pressure increase shown in
testing of propellants in the later stages of deterioratfion
under air, as coxpared to oxygen, is due to early depletion

¢ the oxygen by reaction with NO along with stabilizer de-
pletion., After this occurs, all NO produced increases the
total pressure. The ircreased pressure protsbly also acceler-
ates thes decomposition catalyzed by acidic products. Under
oxygen, the NO produced must use up much more oxygen before
it can incresse the pressure directly. In the late stages
of decoumposition, NOp may be liberated from the powder itself.

Figures 15 through 17 show the Taliani bebhavior of a
series of modified N-4 propellants. IXR-47A contains the
customary 2§ 2-nitrodiphenylamine. In IXR-47B, this stabi-
lizer is replaced by the same percentage of carbazole; in
IXR-47C, by diphenylamine; in IXR-47D, by etlyl centralite;
and in IXR-47E, by a mixture of 1% 2-nitrodiphcnylamine with
1% ethyl centralite. IXR-47F contains no stabilizer. To
insure that no differences would occur in composition other

than stabilizer, a single 150-1b betch of unstatilized K-4

6 CONFIDENTIAL
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vas prepared and then divided into six parts. The sppropriata
stabilizer uas then added by d-ry mixing.

4s the grapis show, the test under pitrogen indicates the
ucstabilized propellant to be the most stables one and the
p-opellant stabilized with the 1:1 mixture of 2-nitrodiphenyl-
e=ine and centralite to be the least stable. This is, of
course, contrary to all that fs known about the relative safe-
life of s.abilized and unstabilized propellants. The test
under oxygen gives results which fit the facts of safe-life
exch better. Here the unstabilized prcpellant reaches 100 mm
pressure in under 6 hours. At 11 hours, the diphenylamine-
stabhilized propellant is the next to fall. Diphenylamins is
notorious as a poor stabilizer fsr~ double-base propellants
because of its alkalinity. Tbe other four propellants all
reach 100 mm pressure at about the sams time, epproximately
20 bours, the one statilized with the centralite - 2-nitro-
diphenylamine mixture lasting slightly longer than the others.
Centralite and 2-nitrcdiphenylamine, which are in three of
these latter four propellants, are known to be good stabilizers
for doubla-base propeliants. According to Davis(8), carbazols
18 gn excellent stabilizer at 110°C (ths temperature of this
test), but an extremely poor one at €0° and 75°C.* Katurally,

*The stabilizling power of carbazole ard the other stabiliers
in the modified N-4 compositions 1s now under inveatization
by measuring time-to-fumes at various teuxperatures.

CONFIDENTIAL 7
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w0y high temperature test is subject to errors involved in
extrapolation of data and conclusions to lower temperatures
at vhich differeut reactions may predominate.

Figures *3 through 21 illustrate how oxygen Taliani data
can te used in the deterzination of residual safe-lifs of a
propellaat which has been in storage. The relationships
tetween data obtained from the Taliani tests (the tixe required
to achieve a pressure of +100 mm) and the percent of safe-
life remaining have been plotted, The latter value has been
computad from the ratio tetween length of storage at 80°C
ard time required for the sazple to avolve NO5 fures at that
tezperature., Of cour.?, estimstes of tio rafe-1ife time of
a new propellant formulation are test ottalined by extrapolation
of temperature-decamposition rate data to lower texperatures.
In each case, the plot of the logarithm of the iize required
to reach 100 mm pressure vs vercent of safe-l1ife renaining
approximates a straight line, and the least squares lins is
shown in each of the figures.

Some speculaticn on the theorstical interpretation of this
data is inorder here. It can reasonsbly be assuxed that, for
any propellant formulation, the time required to reach 100 mm
pressure 1s equal to some constant value plus a factor pro-

portional to the concentration of "active" stabilizer.

Thus: tp=c4;s (1)

CONFIDENTTAL
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ubece t 1s the tize required %o reach 100 mm presswe in the
oxrsen Tallani test, c is a constant equal theoretically to
the tize required for the propellant formulation without
sterilizer to reach 100 mm pressure, 2 is a proportionality
cc=stant, and s is the concentration of "active™ stabilizer,

a v="ve vhich is a zeasure of the amount of X02 which can be

picied up before the stabilizer becomes depleved.

5:32;:_ (2)

log s=10g(ty—c)-log ¢ (3)

The theoretical importance of these equations is tased

on :%2 fact that, il equation (1) holds true, c can be evalu-

ated ty actual determination of the time for an unstabilized

pregellant to reach 100 mn pressure or by extrapolation of the

oxyzen Taliani data obtained perlodically on a propellant

beizs aged to the end o.l‘ its safe-life. The values for tp axd

¢ codd be used in cdetemining the pseudo-order of the stabi-

lizer depletion reaction. If the reaction vere zero-order,
thea

&= ~kted (4)

where t is the time of storage of the propellant at a fixed

terserature, and d is a constant.

2= —ktvd (%)
tp-c= -gkt'gd:it*d’ (6)
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Thus, if the plot of (t.p-c) versus t jlelded a strajght line,
the reaction wculd be showmn to be pseudo-zerp-order.

Similarly, if the reaction were first-order, then
-iog {755 )4 @

-log(tp-c)=(§:!3'5§)t*d-log gc{gjgcg)f—*d. (8)
If the plot of log (tp~c) versus t yielded a straight line,
the reactlion would be psevdo-first-order and k, the specific
reaction rate constant, could be evaluated from the slope.
It should be pointed out that the inhomogeneity of the
propellant colloid restricts the preclslon with vhich quanti-~
tative measurements of the rate of loss of safe-life can be
made. Consequently, a proper evaluation of ¢ from Taliani
data on propellants being decomposed in constant temperature
storage vould require many oxygen Taliani tests on many pro-
pellant lots of identical formulations so that statistical
treatment could smooth out individual irrejyularities. The
precision of the oxygen Taliani test as a measure of the
residual safe-life of propellants could alzo be increased
by thus obtaining additional dats. The lower temperature
Taliand tests permit greater precision thaa the high temper-
ature ones by lessening the effect of slight varistions fa
preheat time which are dus to the manipulations involved in
flushing the system.

10 CONFIDERTIAL

b MM saien SEmE SMm et sese- Jnass



-

Re e

W, RN P T BRSO T e T |

- wmrte

(TP LN

1
'
1
i
t

.
-

. e e A A A e M e A~ 2

COMFIIENTIAL NAVORD REPORT 023

The utility of the oxygen Tallani test for measuring
the degree of propellant deterloration during storage bas
been denonstrated above, and the possible utility of such a
test for evaluating proposed stabilizers has been indicated.
The use of the test in specifications or as g control for the
manufacture of propellants should be considered. The dis-
crepancy between test time for the N-4 sheet lot PAE 133, a
regular Picatinny Arsenal production lot, and the H-4 lot
IXR-474, prepared by dry additlon of stabilizer to the un-
stabilized sheet, may be due to the differesces in processing
or to possitle differences in composition. WUWith sujtabls
adjustment of sample size os of volume of the apparatus, the
test can be applied to any solventless propellant based on
nitrate esters by providing sufficlent oxygen for complate
depletion of stabilizer. Of course if gases nther than XD
are evolved repidly, any fixed positive pressure may be achieved
prior to exhaustion of atabilizer.

The nitrogen Talianl test is useful for qulckly comparing
rates of gas evolution fram different propellants, but its
validity as an absoluts measurs of the tendency of propellants
to fissure is open to question. The permeability of different
propellant compositions may be expezted to vary as vwell as
their gas evolution rates. Ernsberger and OISen(9) have

concluded, on the basis of their experimental work on evolution-

CONFIDENTIAL
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and diffusion of gases in ballistite, that the pressure built

up in a solid 2-inch-Ciameter cylinderof JPN efter storage in

alr for an extended pericd at €G°C may be i=sufficlent to

cause cracking.

An investigation of the effect on the oxygez Taliani test

of Incorporation of varying quantities of statilizer into the

nitrocellulose-nitroglycerin system is contezplated. This

would provide further information about the rslidity of the

assuzption relsting test time to "active"™ stabilizer content.

The effect of varying the nitrocellulose-nitraslycerin ratilo

is also to be investigated.

SUMMARY

A Talianl test under oxygen has been foond to give a

quantitative measure of the residual safe-1ife of propellants

in storage. A relatlonshlp betJeen the amm=t of Tactlivc®

statilizer and the test result has been proposad. The oxygen

Talianl test is also useful for evaluating propcsed new stabi-

1izers.
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FIGURE 3. 1109 TALIANI TEST UNDER AIR C% JPN SURVEILLANCE
SAMPLES STCRED AT 65.5°C.
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STORED AT 80°C BY 110°C OXYGEN TALIANI TEST.
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